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(54) TiUe: IMPROVEMENTS TO ENGINES 
I (57) Abstract 

Inlet and exhaust valve liming is varied in conjunc- 
lion with reducing the engines compression ratio and in- 
creasing drive to the supercharger. Variations include the 
early opening of one or more exhaust valves and/or clo- 
sure of one or more inlet valves and/or late closure of one 
or more inlet valves and/or the closure of one or more 
inlet valves prior to the end of each induction stroke. 
Such variations may be implemented using a vanablc 
compound timing wheel for a valve opcratmg camshaft 
wherein the variable uming wheel is particularly adapted 
to advance or retard valve operation in response to elec- 
tronic or hydraulic actuation means. Ihc invenuon further 
provides for an improved piston for a compression igni- 
iion engine particularly adapted so that upon fuel injection 
and subsequent compression of the air/fuel mixuire the 
mixture is forced radially outward from the axis of the 
piston The piston has a conical upper surface extending 
radially to the edge of the top surface or partially out- 
wards to the edge of the top surface. 
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IMKIOVEMENTS TO ENGINES 
The present invention relates to engines and niethods of operating engines. More 
particularly, although not exclusively, the present invention relates to modifications in 
the construction and operation of internal combustion engines. 

Background To The Invention 

To the present time numerous techniques have been proposed to enhance the 
efficiency or otherwise modify the characteristics of an engine to achieve a particular 
effect. Such efPw:ts include the reduction in pollutants exhausted from engines and 
inci^ased fuel efficiencies. Techniques in the prior art have met with mixed success and 
alternative methods and "constructions are provided herein in order to enhance the 
efficiency and power characteristics of said engines, or to at least provide the public with 
a useful choice. 

Reference is made to a reciprocating piston type internal combustion engine of 
the type described in patent specification No. PCT/NZ94/00109 the disclosure of which 
is herein incorporated by reference. 

Further objects and advantages of the present invention will become apparent 
from the following description which is given by way of example only. 

Disclosure Of The Invention 

According to the invention, there is provided a reciprocating piston type internal 
combustion engine including supercharging and turbocharging means, the engine being 
adapted so as to reduce its compression ratio and increase drive to the supercharger. 
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Preferably the reduction in compression ratio in each cylinder is effected by 
varying the timing of one or naore inlet valves, more preferably by closing the one or 
more inlet valves prior to the end of the induction stroke of the cylinder. 

In a further embodiment, the present invention provides for a reciprocating piston 
type internal combustion CTgine iiKorporating boosted iiriuction: 

Preferably the boosted induction is effected by means of supercharging and/or 
turbocharging means. 

In a further embodiment, the present invention provides for a method of varying 
valve timing in a reciprocating piston type internal combustion engine including: 

early opening of one or more exhaust valves and/or late closure of one or more 
inlet valves and/or the closure of one or more inlet valves prior to the end of each 
induction stroke. 

Preferably the closure of the one or more inlet valves prior to the end of the 
induction stroke occurs in conjunction with a reduction in compression ratio of the 
engine and/or in conjunction with boosted induction. 

Preferably the method of varymg valve timing further comprises: 
closing one or more inlet valves substantially at bottom dead centre of piston travel on 
crankshaft rotation. 

Preferably the closure of the one or more inlet valves occurs up to 15 degrees of 
crank rotation after bottom dead centre, more preferably at or before bottom dead centre. 
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Preferably the inlet and exhaust valves action have little or no overlap, more 
preferably the exhaust valve opens at approximately 50 degrees before bottom dead 
centre. 

Preferably the method of varying valve timing further comprises: 
delaying the closure of the one or more inlet valves until after the compression stroke 
has started. 

Preferably delaying of the closure of the one or more inlet valves after the 
compression stroke starts at higher engine speeds. 

In a further aspect the present invention provides for a variable timing wheel for 
a valve operating camshaft wherein the camshaft is driven by a variable timing, 
compound wheel. 

Preferably the compound wheel comprises: 
a hub section located on or in association with the axis of a camshaft; 
a rotational drive means capable of transmitting rotational movement to the hub section 
about it's axis; 

a first acmation means, wherein the hub section, drive means and first actuation means 
are coaxial and are adapted so that when the first acmation means is displaced along the 
axis, the hub section and rotational drive means rotate relative to one another around 
their conunon axis. 

Preferably the hub section comprises a drive shaft which protrudes from the axis 
of the camshaft and has a male meshing means adapted to mesh with a complementary 
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female meshing means in the first actuation means, and where tte rotational drive means 
comprises a drive wheel adapted to mesh with the exterior of the first actuation means 
wherein when the first actuation means is axially displaced the hub section and the 
rotational drive means are to rotationally displaced with respect to one another^ 

In an alternative embodiment^ the camshaft has a female meshing means adapted 
to mesh with a male meshing means in the first actuation means. 

Preferably the meshing means comprise angled splines or slots which react and 
mesh with pins or recesses. 

Preferably the first actuation means is displaced axially by hydraulic, electronic 
or mechanical means. 

Preferably the first actuation means comprises a cylindrical body which 
incorporates meshing means on its outer surface and a female axial meshing recess at one 
or both ends. 

Preferably the rotational drive means is constrained so as not to be capable of 
axial movement. 

Preferably the first actuation means is controlled by an engine management 
system, a speed and/or load sensitive governor or directly by an operator. 

In a further embodiment the present invention provides for a piston for a 
compression ignition engine comprising: 



wo 96/15362 



PCT/NZ»5rt)0ia4 



- 5 - 

a cylindrical member having a central axis and a top surface or crown con^)rish^ 
a convex surface which is adapted so that upon fuel injection and subsequent 
compression of an air/fiiel mixtiue, the air/fuel mixture is forced radially outward from 
the axis of the cylindrical member. 

Preferably the top surface comprises a substantially convex conical surface which 
is symmetrical about the axis of the cylindrical member and where the conical shape 
extends radially to the edge of the top surface. 

Preferably the substantially convex conical surface extends outwards so that a 
substantially flat annular portion is formed in the top surface between the edge of the 
convex conical surface and the edge of the cylinder. 

Preferably the piston and/or cylinder may be used in conjunction with boosted 
induction. 

Preferably the piston moves in a cylinder which is adapted so that at the top of 
the compression stroke, the space between the cylinder head and the substantially flat 
annular surface surrounding the convex surface is of negligible volume, thereby 
expelling substantially all of the air between the aforesaid surfaces at the top of the 
compression stroke. 

Preferably the piston and/or cylinder head in which the space between the 
cylinder head and the substantially flat annular surface is of negligible volume may be 
used in conjunction with low boosted induction or no boosted induction. 
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Preferably the piston and/or cylinder head is used in conjunction with the valve 
timing method above. 

Preferably the valve timing is implemented by means of the variable timing whe^l 
described above. 

Brier Description Of The Drawings 

The invention will now be described by way of example only and with reference 
to the figures in which: 

Figure 1 Illustrates an exploded view of a compound timing wheel 

construction; 

Figure 2^ ex, Wa^ c Illustrates a selection of piston crown profiles; 
Figure 3 Illustrates a persp«:tive view of a piston crown; 

Figure 4 Illustrates a side view of a piston crown incorporating valve 

cutaways; 

Figure 5 Illustrates a cross-sectional view of an articulated two piece piston; 

Figure 6 Illustrates a cross-sectional view of a piston; 

Figure? Illustrates a cross-sectional view of a piston; 

Figure 8 Illustrates a side view of a prototype piston; 

Figure 9 Illustrates a cross-sectional view of a piston; 

Figure lOcj^^b^c- Illustrates cycle diagrams for starting, low speed and high speed 
engine operation; 

Figure 1 1 b> Illustrates cycle diagrams for variable inlet valve opening; 
Figure 12 «y Vs Illustrates cycle diagrams for variable exhaust valve openings; and 
Figure 13 Illustrates a modified cylinder head and piston. 

Figure 14 Illustrates a cross section view of a modified piston in operation. 
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In the accompanying Figures lOa-c to 12a-b, the valve movement is indicated by 
the arrow at the top of the cylinder. Valve closure is denoted by an arrow pointing to 
the valve and valve opening is denoted by an arrow pointing away from the vaJve. 

The present invention is generally concerned with methods and apparatus for 
varying the timing of valve opening and closure in internal combustion engines as well as 
cylinders for use in same. Such techniques have been examined in conjunction with 
mpdificatidns incorporating supercharging and turbocharging. A number of techniques 
will be discussed herein in the context of a reciprocatmg piston type internal combustion 
engine of the type described in patent specification No. PCT/NZ94/00109 in a variety of 
operating regimes: 

An engine of the type described in patent specification No. PCT/NZ94/001()9 
was modified by incorporating a supercharging unit and turbocharging unit. The engine 
was farther modified so as to reduce it's compression ratio while increasing it's drive to 
the supercharger. It has been found that an engine incorporating these modifications has 
significantly improved fuel efficiency. 

By providing for a low compression ratio which is compensated with a heavily 
supercharged intake charge, more air will be available for the combustion of fiiel and the 
combustion will be more efficient. Also, peak cycle temperatures will be lower and by 
providing air in excess of that required for combustion, the peak cycle pressures will be 
lower. In such an operating regime^ the emission of CO, hydrocarbons and NOx will be 
reduced. 
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In the cycle diagrams shown in figures 10. 11 and 12 the inlet valve is located on 
the left of the cylinder bead and the exhaust valve at the right of the cylinder head. 

Referring to figure 10b the turbocharger and supercharger were arranged in series 
and the inlet valve was closed slightly before the piston of each cylinder ended it*s 
induction stroke. In the context of a compression ignition engine (ie; diesel), it may be 
desirable to reduce the cylinder compression ratio to below that at which compression 
ignition occurs and coiiq)ensate for the reduction in compression by supplyiiig the 
cylinder with pre-compressed air from the supercharger. Such a configuration could 
utilise a supercharger being powered by the engine. 

In experimental trials, the applicant used a supercharged turbo powered diesel 
engine incorporating reduced valve overlap. The standard compression ratio of 16:1 was 
reduced to approximately. 13.5:1. The drive to the supercharger was modified to increase 
power thereto. The valve overlap was 50 degrees compared with 100 degrees overlap as 
illustrated in figure 7 of patent specification No. PCT/NZ94/00109. The inlet valve was 
set to close slightly before bottom dead centre (BDC). 

In it's standard configuration the power output of the engine was determined to 
be 91.5 brake horse power (bhp). With the modifications outlined above, the power 
output was 125 bhp. In the modified configuration, the measured exhaust emission of, 
for example, nitrous oxide was reduced and the invention provided enhanced fuel 
efficiency and smooth ruiming characteristics. 

In an alternative configuration, the engine was modified to include a supercharger 
and/or a turbocharger. The purpose of such 'boosted induction* is to provide additional 
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pac aown , w«t cyde whUe si»l»e<»»ly »PPlyU« a cyli^r wiU, . ftc* »r 
0, cbarg. PHOT » U« co..«««sio. sm*. fW ig»«»^^ 
^-boosttd d, couM tave a p»ssu« of approxim-d, 20 psi « simUar so as » 
provide rff«:flve wo* o. a pis»n during *e o»*. U«reb, adding » 

engines ou^ut woik. 

Ue i-ato of s»p.r-to«a«l «r is conwned by inW valve tin^^ 
avoid o«r.bo«dng d« cylinder, 1,^ inle, valve in dns exan,pU. Is closed 
approximaW near BDC of piston travel on cranlcsl«a n«a,ion as shown in figure lla. 
Depending on ■!« engine load tUs cooU occur np to 15 degn« of crank rotation rf^ 

BDC mn more preferably will b. a, BDC or before BDC. In comparison, n, 
c«,v«,tionany boosted engines, valve closure occurs a, a,<»nd 50 degrees after BDC. ..; 
wb» the piston is rising on compression. Closing the mle. valves earlier than nonnal 
n^tes d« boost bact to lower boos, levels for the compression cycle ther^y 
,ed,«ing negative worR on the pisu-n. while allowing super boost ptessures to add work, 
via a piston on ^ early sutges of the it^ctlon cycle, to the engine cranlcshaft .hereby 
i^ing the engines output. The exhaust tale, valves have liule or »> overlapp-* 
action with the exhaust valve being opened at approximately 50 degrees before BDC m 
order to drive the ntrbocharger sufficiently to effect sup«-boosting. The boosted 
induction for this engine configuration cc«ld be implemented using high energy exhaust 
gasses. I. has been found that such modifications can increase ^ output by up to 35% 
per unit fuel volume. 

Altemadve valve timing methods have been analysed ,o d«ennine Oteir effect on 
engine emciency and exhaust polhttan, content. To dns end. the applicam has found that 



wo 96/15362 



PCT/NZ95/60104 



- 10- 

if the exhaust valves are opened earlier than nonnal , the compression charge temperature 
will be reduced. Such an operating regime is iUtistrated in figures 12a and 12b. For 
partial load and low turbo boost, the exhaust valve is opened towards the end of the 
power stroke as shown m figure 12a. For fiiU load heavy turbo boost, the exhaust yalve 
can open early in the power stroke as shown in figure 12b. Analysis of exhaust gasses in 
this operating regime revealed a reduction in NOx content, the effect being particularly 
apparent at low engine speeds. It is presumed that iflie lower compression charge 
temperature is the result of a cooler cylinder. This results frorn the high temperature and 
high pressure exhaust gasses spending less time in the cylinder and being expelled before 
the piston completes it*s power stroke. 

In this operating regime, the exhaust valves are opened shortly after the piston 
has reached maximum velocity on the power stroke. This could occur at 90 crankshaft 
degrees before the end of the piston travel on the power stroke, or alternatively 
approximately 40 to 90 crankshaft degrees before the end of the piston travel on the 
power stroke. The selection of a particular timing for a valve would depend on whether 
the engine had a high or low pressure power stroke. 

Some of the power stroke energy which is lost could be recovered by incorporating a 
turbocharger and using high boost pressure to cause the induction stroke to be a 
secondary power stroke and controlling the boost pressure as described herein so as to 
avoid excessively high compression pressures. 

At high engine speeds, ultra-early exhaust valve opening may not be reqiiired. 
This could be achieved by retarding the appropriate camshaft rotation proportionally with 
the engine speed . Alternatively or in combmation with the above technique, the 
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camshaft which operates the exhaust valves may be advanced for heavy engine loads, 
and retarded for lighter engine loads. 

A further variation on valve liming is shown in figure 10c and includes the 
operating regime whereby the inlet valve closure is delayed until after the piston starts 
it's return movement (ie; on the compression stroke). This may be particularly 
appropriate at higher engine speeds to effect efficient filling of the cylinder. In 
accordance with die present invention, this may be effected by varying the operational 
tuning of the at least some of the inlet valves, by means of die camshaft, in proportion to 
die engine speed or load, This may be achieved by using one or more camshafts whereby 
selected valves may be operated by a one camshaft with die remainder being operated by 
one or more crankshafts. 

Referring to figure 10a. at starting speed for a diesel engine die camshaft wUl 
retard its operation and delay the closure of one of more inlet valves until after the piston 
starts it's return movement following the induction stroke. This will enhance startii^ 
compression. This procedure may not be required for a spark ignition engine. Once the 
cpmpression ignition engine has started and atuined a normal operating temperature, die 
camshaft will automatically advance so as to close one or more inlet valves before die 
end of the piston induction stroke at low engine speed as shown in figure 10b. The 
camshaft will automatically reurd it's action in relation to die crankshaft movement as 
engine speed rises (see figure 10c). This will result in the closure of the one or more 
inlet valves being delayed as die engine speed rises. This closure delay will be in 
proportion to die engine speed. This will aid in cylinder filling widi intake charge at 
higher engine speeds. An effective mediod of controlling die camshaft in die desired 
manner is by means of a compound wheel as described below. 
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The present invention further provides an apparatus for implementing tbe variable 
valve tuning as discussed above. A camshaft may be driven by a variable timing, 
compoiuid wheel. An example of such a compound wheel is shown in figure 1. 
Referring to figure 1, a camshaft 4 has a hub section S attached to one etid. A rotational 
drive wheel 3, actuation means 1 and 2, camshaft 4 and the hub section 5 are all coaxial. 
The rotational drive wheel 3 is constnuned axially. The actuation means is shown as two 
distinct components, however, they may be integrally constructed. The hub isection 5 is 
meshed by way of angled splines 6, with a complementary female recess (not shown) in 
the actuation means 2: The rotational drive means 3 is meshed by way of angled spline 
recesses 7, with angled splines 8 on the outside surface of the actuation means 2. It is to 
be understood that the location of the female and male meshing means may be reversed. 
Such a modification being within the scope of the present invention. The actuation means 
2 is capable of axial movement. If the arrangement is considered when stationary, it can 
be seen that if the actuation means 2 is moved axially towards rotational drive means 3, 
meshing will cause the rotational drive means to rotate. Simultaneously with the axial 
movement of the actuation means 2 towards the rotational drive means 3, the meshing 
between the hub section 5 and the female recess in the actuation means 2 will cause the 
camshaft to rotate. Depending on the orientation of the angled splines, the movement of 
the actuation means 2 will result in relative rotational displacement of the rotational drive 
means 3 and the crankshaft 4, thus retardation or advancement of the camshaft may be 
effected. 

The actuation means 2 may be controlled by hydraulic, electronic or similar : 
means which are known in the art. Such control may also be effected by automatic 
engine control means or by an operator, the rotational drive means 3 is axially 
constrained thus the separation between the hub section S and the rotational drive means 
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3 is constant, and the rotation of the drive means 3 is thereby transmitted to the camshaft 
by way of the hub section 5 whUe their respective rotetional displacements may be varied 
according to the position of the actuation means 2, 

The compound wheel described above is particulariy suitable for use with one or 
more camshafts, configured to provide for the particular valve timing variation desired. 
It is to be appreciated that one or more camshaft may be fitted to an engine whereby 
each camshaft operates selected valves and incorporates a compound wheel in accordance 
with the invention. 

The invention fiirther provides for a modified piston head examples of which are 
shown in figures 2. 6. 7. 9 and 14: These piston designs may find particular application 
ui the modified operating regimes described above. As shown in figure 3. an example of 
a piston has an upper surface shaped as a convex conical surface of revolution (about the 
of the cylinder). In the example shown in figures 2c and 6. a piston is shown with 
upper surface in the shape of a cone extending completely to the edge of the piston. 
Referring to figure 5. 6 and 7 this piston may include a small hollowed area 50, 60 and 
70 respectively adapted to accommodate the injector when the piston is at the end of it's 
travel. Figure 2b illustrates a fiirther embodiment whereby the piston crown incorporates 
a hollowed out swirl area 20. In all cases the top centre of the pistons is substantially 
higher than the edges. 

In operation, the conical surface shape pushes the air out radially into the fuel 
spray. This improves mixing of the fiiel and air and exposes burning gases to cooler 
parts of the engine thereby reducing the rate of NOx formation. Further improvements 
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can be observed when the novel cylinders are used in conjunction with flie boosted 
induction technique discussed above. 

Similarly, in figure 2a, 3 and 7 a piston is shown having a raised upper surfece 
21 having a conical shape and having an annular substantially flat landing for the swirl 
area. The embodiment in figure 7 also incorporates the hollowed lecess 70 to aUow 
clearance for the fuel injeaor. A further variation in this piston design incorporates 
valve cutaways as shown in figure 4. 

The pistons described in the present specification all incorporate a centre section 
that is raised substantially above the edges of the piston. This results in the combustion 
chamber being formed between the piston, tiie cylinder head and the cylinder walls. The 
effect of tills is tfiat the compressed air/fiiel mixture has more room to travel without 
stalling on engine components thereby improving combustion. 

Figure 14 illusu*ates a modified piston in operation. The flat landing area is 
indicated by 144. A hollowed recess (dotted) allows clearance for tiie fuel injector 142. 
Radical fuel spray 140 is forced outward by the raised cenue section 141. 

A further variation is shown in figure 13. A piston 130 with a raised centre 131 
travels toward a cylinder head incorporating a recessed combustion chamber 132. The 
inlet and outlet valves are schematically represented by 134 and 135 respectively. This 
embodiment is suitable for operation in low pressure turbo or non-turbo configurations. 

At the top of its travel, the annular landing area is separated from a 
corresponding dimensioned surface on the cylinder head by a narrow gap. 
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This particular embodiment is advantageous in that the compressed heated gases 
do not come into excessive contact with engine components while retaining the even 
expansion of the air fuel mixture as described above. 

The raised centre sections of the piston top surfaces may be integrally formed or 
attached securely by means known in the art. A two piece articulated piston is shown in 
figure 5: In this embodiment, the top member is slightly movable with respect to the 
sldrt 52. At the position where the angle between the piston arm and the longitudinal 
axis of the piston is at its maximiun, the force is transmitted via the skirt rather than the 
pis;ton head 51. This reduces ring wear as the radially asymmetric forces on the sides of 
the top member of the piston are greatly reduced. 

Where in the foregoing description reference has been made to integers or 
components having known equivalents then such equivalents are herein incorporated as if 
individually set forth. 

Although the invention has been described by way of example and with reference 
to possible embodiments thereof, it is to be appreciated that improvements and/or 
modifications may be made thereto without departing from the scope and spirit of the 
appended claims. 
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Qaiins: 

1. A reciprocating piston type internal combustion engine including supercharging 
and mrbocharging means, the engine being adapted so as to reduce its compression ratio 
and increase drive to the supercharger and/or turbo charger. 

2. An ei^ine as claimed in claim 1 wherein the reduction in compression ratio in 
each cylinder is effected by varying the timing of one or more inlet valves, more 
preferably by closing the one or more inlet valves prior to the end of the induction stroke 
of the cylinder. 

3. A reciprocating piston type internal combustion engine incorporating boosted 
induction. 

4. An engine as claimed in claim 3 wherein the boosted induction is effected by 
means of supercharging and/or nirbocharging means. 

5. A method of varying valve timmg in a reciprocating piston type internal 
combustion engine including early opening of one or more exhaust valves and/or late 
closure of one or more inlet valves and/or the closure of one or more inlet valves prior 
to the end of each induction stroke. 

6. A method of varying valve liming as claimed in claim 5 wherein the closure of 
the one or more inlet valves prior to the end of the induction stroke occurs in conjunction 
with a reduction in compression ratio of the engine and/or in conjunction with boosted 
induction. 
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7. A method of varying valve timing as claimed in either claim 5 or 6 further 
comprising closing one or more inlet valves substantially at bottom dead centre of piston 
travel on crankshaft rotation. 

8. A method of varying valve timing as clainied in any one of claims 5 to 7 whesein 
the closure of the one or more inlet valves occurs up to 15 degrees of crank rotation after 
bottom dead centre or more preferably at or before bottom dead centre. 

9. A method of varying valve timing as claimed in any one of claims 5 to 8 wherein 
the inlet and exhaust valves action have litUe or no overlap, more preferably the exhaust 
vaive(s) open at approximately 50 degrees before bottom dead centre. 

10. A method of varying valve timing as claimed in any one of claims 5 to 9 further 
comprising delaying the closure of the one or more inlet valves until after the 
compression stroke starts. 

11. A method of varying valve liming as claimed in any one of claims 5 to 10 
wherein delaying of the closure of the one or more inlet valves after the compression 
stroke starts occurs at higher engine speeds. 

12. A variable timing wheel for a valve operating camshaft wherein the camshaft is 
driven by a variable timing, compound wheel. 



13. A variable timing wheel as claimed in claim 12 wherein the compound 
comprises: 
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a hub section located on the axis of a camshaft; 

a rotatiomJ drive means capable of traismittinjg rotational movement to the hub 
section about it's axis; 

a first actuation means, wherein the hub section, drive means and actuation means 
are coaxial and are adapted so that when the actuation means is displaced along the axis, 
the hub section and rotational drive meazis rotate relative to one another around their 
common axis. 

14. A variable timing wheel as claimed in claim 13 wherein the hub section 
comprises a drive shaft which protrades from the axis of the camshaft and has a male 
meshing means adapted to mesh with a complementary female meshing means in the first 
actuation means, and where the rotational drive means comprises a drive wheel adapted 
to mesh with the exterior of the first actuation means wherein when the first actuation 
means is axiaily displaced the hub section and the rotational drive means are rotationally 
displaced with respect to one another. 

15. A variable timing wheel as claimed in either claim 13 or 14 wherein the meshing 
means comprise angled splines or slots which react and mesh with pins or recesses. 

16. A variable timing wheel as claimed in any one of claims 13 to 15 wherein the 
first actuation means is displaced axiaily by hydraulic, electronic or mechanical means. 

17. A variable timing wheel as claimed in any one of claims 13 to 16 wherein the 
first actuation means comprises a cylinder body which incorporates meshing means on its 
outer surface and a female axial meshing recess at one or both ends. 
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18: A variable timing wheel as claimed in any one of claims 13 to 17 wherein the 
rotational drive means is constrained so as iwt to be capable of axial mbveme^^ 

19. A variable timing wheel as claimed in any one of claims 13 to 18 wherein the 
fiist actuation means is controlled by an engine managemem system, a speed and/or load 
sensitive governor or directly by an operator. 

20. A piston for a compression ignition engine conq>rlsing: 

a cylindrical member having a central axis and a top surface or crown comprising 
a convex surface which is adapted so that upon fuel injection and subsequent 
compression of an air/fuel mixture, the air/fuel mixtore -is forced radially outward from 
the axis of the cylindrical member. 

21 . A piston as claimed in claim 20 wherein the top surface comprises a substantially 
convex conical surface which is symmetrical about the axis of the cylindrical member 
and where the conical shape extends radially to the edge of the top surface. 

22. A piston as claimed in either claim 20 or 21 wherein the substantially convex 
conical surface extends partially radially outwards so that a substantially flat araiular 
portion is formed in the top surface between the edge of the convex conical surface and 
the edge of the cylindrical member. 

23 A cylinder head, in which a cylindrical member as claimed in any one of claims 
20 to 22 moves, and is adapted so that at the top of the compression stroke, the area 
between the cylinder head surface and the substantially flat annular surface surrounding 
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the convex surface is of negligible volume, thereby expelling substantially all of the air 
between the aforesaid surfaces at the top of the compression stroke. 

24. A piston as claimed in any one of claims 20 to 22 used in conjunction ^th 
boosted induction. 

25. A cylinder head as claimed in claim 23 used in conjunction with low or no 
boosted induction. 

26. A piston as claimed in any one of claims 20 to 22 used according to the method 
of claims 5 to 11. 

27. A cylinder head as claimed in either claim 23 or 25 used according to the method 
of claims 5 to 11. 

28. An engine as claimed in any one of claims 1 to 4 including a variable timing 
wheel as claimed in any one of claims 12 to 17. 

29. An engine as claimed in any one of claims 1 to 4 operating according to the 
method of any one of claims 5 to 1 1 . 

30. An method of valve timing substantially as described herein and with reference to 
any of the drawings. 

31. A variable timing wheel substantially as described herein and with reference to 
any of the drawings. 
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32. 



A cylinder substantially as described herein and with reference to the drawings. 



33. A cylinder head substantially as described herein and with reference to the 
drawings. 



34. An engine 
drawings. 



substantiaUy as described herein and with reference to any of the 
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AMENDED CLAIMS 

[received by the International Bureau on 25 March 1996 (25.03.95); 
original claims 1-34 replaced by amended claims 1-27 (5 pages)] ■ 

1 . A four cycle compression ignition engine optionally including supercharging aiod/or 
turbo charging means, the engine being adapted to reduce its geometrical con^rcssion ratio, . 
said engine incorporating one or more pistons each con^rising: 

a cyliiKincal member having a central axis and top surface in the form of a con^^ 
surface adapted so that upon fiiel injection and subsequent compression of an air/fuel 
mixture, the air/fuel mixture is forced radiaiiy outward from the axis of the 
cylindrical member. 

2. An engine as claimed in claim 1 wherein the top surface of each cylindrical member 
con^rises a substantially convex conical surface which is symmetrical about the axis of the 
cylindrical member and where the conical shape extends partially radially outwards so that a 
substantially flat annular portion is formed in the top surface between the edge of the 
convex conical surface and the edge of the cyliinirical member. 

3. An engine as claimed in either one of claims 1 or 2 wherein the cylindrical member 
is adapted so that at the top of the compression stroke* the area between a cylinder head 
surface and the substantially flat aimular surface surrounding the convex surface is of 
negligible volume, thereby expelling substantially all of the air between the aforesaid 
surfaces at the top of the compression stroke. 

4. An engine as claimed in either one of claims 1 or 2 incorporating a flat combustion 
chamber roof . 
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5. An engine as claimed in any one of claims 1 to 4 wherein the cylinder compression 
is controlled by means of valve timing, said valve timing adapted sd that excess intake air is 
bled off by delaying the exhaust valve(s) closure until the piston has completed the first part 
of its induction stroke ia such a manner as to cause at least some of the mtake air to pass 
into the exhaust system wheii the engine has tiie inlet valve open. 

6. An engine as clanned m any one of claims 1 to 4 in which cylmder compression is 
controlled by early closing of the inlet valvc(s). 

7. An engine as claimed in any one of claims 1 to 4 wherein each combustion chamber 
has a centrally placed fuel injector nozde. 

8. A compound variable timing wheel comprising: 
a hub section located on the axis of a cam shaft; 

a rotational drive means capable of transmitting rotational movement to the hub 
section about is axis; 

a first actuation means; and wherein the hub section, drive means and actuation 
means are coaxial and are adapted so that when the first actuation means is displaced 
along the axis, the hub section and routional drive means rotate relative to one 
another around their common axes. 

9. A compound variable timing wheel as clauhed in claim 8 wherein the hub section 
comprises a drive shaft which protrudes from the axis of the camshaft and has a male 
meshing means adapted to mesh with a complementaiy female meshmg means in the first 
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actuation means, and where the rotational drive means comprises a drive wheel adapted to 
mesh with the exterior of the first actuation means wherein when the first actuation means is 
axially displaced from the hub section and the rotational drive means are rotatidnally 
displaced with icq)ect to one another, 

Id. A compound variable timii^ wheel as claimed in either claim 8 or 9 wherein tlie 
meshing means comprise angled splines or slots which react and mesh with pins or recesses. 

11. A compound variable timing wheel as claimed in any one of claims 8 to 10 wherein 
the first actuation means is displaced axially by hydraulic, electronic or mechanical iheans. 

12. A compound variable timing wheel as claimed in any one of claims 8 to ll wherein 
the first acoiation means comprises a cylindricsd body which incorporates meshing means on 
its outer surface and a female axial meshing recess at one or both ends. 

13. A compound variable timing wheel as claimed in any one of claims 8 to 12 wherein 
the rotational drive means is constrained so as not to be capable of axial movement. 

14. A compound variable timing wheel as claimed in any one of claims 8 to 13 wherein 
the first acdiation means is controlled by an engine management system, a speed and/or 
load sensitive governor or directly by an operator. 

15. An engine as claimed in any one of the preceding claims 1 to 7 wherein the top 
surface of each cylindrical member is relieved so as to provide clearance for valves that are 
operating when the cylindrical member is at the top of its travel. 
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16. AncngiiieasclaimedinanyoneofclaimsltoTaiMl^l^^^ 
each cylindrical member comprises of subst^^ 
symmetrical about the axis of the cylindrical member a^ 
radially to the edge of die top surfece. 

17. Anengineasclaimedinany one of claims 1 to7andl5 and 16 whcrebthetop 
surface of eat* cylindrical member is adapted so that the cemie of the top surface will be 
located subsumtiaUy immediately below the inject^^ cylindrical member is at die 
end of its compression stroke and the top surface section from the cemre to edge is concave- 
and the edge of the top smfece is lower dian that top surface at cylindrical 

inembcr. 

18. An engine as claimed in any one of claims 7 and 15 to 17 wherein each cylindrical 
member is relieved so as to accommodate off axis or centrally located injectors. 

19. An engine as claimed in any one of claims 7 and 15 to 18 wherein die fuel injector 
spray angle is adapted so as to diiect d,e fuel spray plume substantially clear of die cylinder 
head and die cylindrical member top isurf ace. 

20. An engine as claimed in any one of claims 1 to 7 and 17 to 18 having valve timing 
conlroUed by a compound variable timing wheel as claimed in any one of claims 8 to 15. 

21. An engine as claimed in any one of claims 1 to 7 and 15 to 20 wherein die 
cylindrical member is articulated. 

22. A mediod of operating an engine comprisii^: 
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Opening exhaust yalve{s) early so as to evacuate hot exhaust gasses from a cylinder 
while the power stroke is only partially complete, where a mrbo charger is used to 
recover substantially all of the lost exhaust energy; 

using pre-comprcssed intake air to drive the piston down on its induction thereby 
creating a secondary power stroke tlm)ugh the induction cycle; and 

moderating the compression cycle pressure by closing tte inlet Valve(s) before the 
end of the induction stroke. 

23. An method of valve timing substantially as described herein and with reference to 
any of the drawings. 

24. A variable tuning wheel substantially as described herein and with reference to any 
of the drawings. 

25. A piston substantially as herein described with reference to the drawings. 

26. A cylinder head substantially as described herein and with reference to the drawings. 

27. An engine as substantially as desribed herein and with reference to any of the 
drawings. 
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